In vitro, fibroblast growth factor-2 (FGF2) has been implicated in cardiomyocyte growth and reexpression of fetal contractile genes, both markers of hypertrophy. However, its in vivo role in cardiac hypertrophy during pressure overload is not well characterized. Mice with or without FGF2 (Fgf2 +/+ and Fgf2 -/-, respectively) were subjected to transverse aortic coarctation (AC). Left ventricular (LV) mass and wall thickness were assessed by echocardiography preoperatively and once a week postoperatively for 10 weeks. In vivo LV function during dobutamine stimulation, cardiomyocyte cross-sectional area, and recapitulation of fetal cardiac genes were also measured. AC Fgf2 -/-mice develop significantly less hypertrophy (4-24% increase) compared with AC Fgf2 +/+ mice (41-52% increase). Cardiomyocyte cross-sectional area is significantly reduced in AC Fgf2 -/-mice. Noncoarcted (NC) and AC Fgf2 -/-mice have similar β-adrenergic responses, but those of AC Fgf2 +/+ mice are blunted. A lack of mitotic growth in both AC Fgf2 +/+ and Fgf2 -/-hearts indicates a hypertrophic response of cardiomyocytes. Consequently, FGF2 plays a major role in cardiac hypertrophy. Comparison of α-and β-cardiac myosin heavy chain mRNA and protein levels in NC and AC Fgf2 +/+ and Fgf2 -/-mice indicates that myosin heavy chain composition depends on hemodynamic stress rather than on FGF2 or hypertrophy, and that isoform switching is transcriptionally, not posttranscriptionally, regulated.
Introduction
Hypertrophy of the heart occurs in response to cardiac wall stress induced by pressure or volume overload (1, 2) . This increase in hemodynamic load may be caused by a number of pathophysiological states, such as hypertension, aortic coarctation (AC), myocardial infarction, and valvular disease. The result is morphological, molecular, and functional changes including hypertrophy of cardiac myocytes, hyperplasia of nonmyocytes, accumulation of extracellular matrix proteins, and reexpression of fetal cardiac genes and other embryonic markers (1, 3) .
Fibroblast growth factor-2 (FGF2) and other peptide growth factors have been implicated in the pathogenesis of cardiac hypertrophy (4-10). Parker et al. (4) demonstrated that the addition of FGF2 to cultured neonatal rat cardiac myocytes alters the gene profile of contractile proteins from an adult to a fetal program of gene expression. This repression of adult, or induction of embryonic, cardiac genes is characteristic of pressure overload-induced cardiac hypertrophy (3, (11) (12) (13) . Furthermore, Kaye et al. (7) showed that paced adult rat cardiac myocytes exhibit a hypertrophic response, characterized by increases in protein content, phenylalanine incorporation, and cell size accompanied by increases in FGF2 levels in the medium. These hypertrophic changes in paced myocytes could be blocked by a specific anti-FGF2 antibody (7) . However, recent evidence has demonstrated that chronic administration of FGF2 in rats with myocardial infarction or FGF2 isolated from pericardial fluid of patients with underlying cardiac disease does not affect left ventricular (LV) geometry or correlate with ventricular hypertrophy (14, 15) . Therefore, the role of this growth factor in cardiac hypertrophy remains unclear.
Our laboratory has generated mice that carry a targeted disruption in the Fgf2 gene (16) . The mice, which lack both the high-and low-molecular-weight isoforms of FGF2, are viable and fertile. However, Fgf2 -/-mice have thrombocytosis, decreased mean arterial blood pressure, reduced vascular function, decreased portal vein vascular smooth muscle tone, and normal cardiac contractility. This hypotensive phenotype in Fgf2 -/-mice has been subsequently documented by other Fibroblast growth factor-2 mediates pressure-induced hypertrophic response investigators (17, 18) . With the availability of genetically modified mice and the in vitro evidence for FGF2 in cardiac hypertrophy, we tested the hypothesis that this growth factor has an integral function in the hypertrophic response to pressure overload. The results demonstrate that FGF2 plays a major role in the hypertrophic growth response that accompanies pressure overload conditions.
Methods
Generation of Fgf2 -/-mice, maintained on a mixed background of 50% 129 and 50% Black Swiss, has been described previously (16) . Mice were housed in a specific pathogen-free environment in accordance with standard use protocols, and handled according to animal welfare regulations. All protocols were approved by the University of Cincinnati Institutional Animal Care and Use Committee.
Eleven Fgf2 +/+ and nine Fgf2 -/-mice (2-3 months old) were assigned to the present study, and 6 mice from each genotype completed the study, which included the AC surgery, echocardiography, dobutamine dose response, histology, and molecular analysis. Three Fgf2 +/+ mice died within 24-48 hours after surgery, and 2 died 1 week after AC. One Fgf2 -/-mouse died during the preoperative echocardiographic imaging; 1 died 24 hours after AC; and 1 died 2 weeks after AC.
AC procedure. Age-matched Fgf2 +/+ and Fgf2 -/-mice of either sex weighing 22-26 g were anesthetized intraperitoneally with 2.5% Avertin (0.017 mL/g). Avertin, 2,2,2-tribromethanol (Sigma-Aldrich, Milwaukee, Wisconsin, USA) is an alcohol-based anesthetic that has been demonstrated to perform well in survival surgery of mice (19) . A tracheotomy was performed, and the mouse was artificially ventilated with room air (120 breaths/min with a tidal volume of 0.3 mL) using a mouse ventilator (model 687; Harvard Apparatus Co., South Natick, Massachusetts, USA). A midline skin incision along the thoracic cavity was made. Using a dissecting stereoscope, a blunt dissection was performed at the second intercostal space to expose the aortic arch. A 7-0 silk suture was placed around the aorta between the left common carotid artery and brachiocephalic trunk. A 27-gauge needle, bent to an Lshape, was placed on top of the exposed transverse aorta. Tying the suture around this needle and subsequently removing the needle produced banding of the aorta (Figure 1 ). The lungs were reexpanded using positive pressure, and the chest and skin incisions were closed using 5-0 silk and 5-0 Ti-cron, respectively. The trachea incision was closed using 7-0 silk. The mice were monitored daily for 10 weeks.
Echocardiography. Echocardiography was performed preoperatively and once a week postoperatively for 10 weeks on each Fgf2 +/+ and Fgf2 -/-mouse. The mice were anesthetized with isoflurane, and their chests were shaved. The mice were placed in a supine position on a heating pad, and a warm layer of ultrasonic gel was applied over the left hemithorax. Using a Sonos 5500 Ultrasound System (Hewlett-Packard, Andover, Massachusetts, USA) equipped with both 15-and 12-MHz transducers or an HDI 5000cv Ultrasound System (Advanced Technology Laboratories Inc., Bothell, Washington, USA) equipped with an 8.5-MHz transducer, the following measurements were obtained: septal wall thickness (SWT) in diastole and systole, LV enddiastolic and systolic chamber size, LV posterior wall thickness (PWT) in diastole and systole, aortic root dimension, and R-R interval from long-and short-axis views. In addition, Doppler measurements of the ascending and descending aortic flow velocities were obtained from the suprasternal notch view. The highest aortic flow velocities were recorded, and M-mode measurements were made from original tracings, as suggested by the American Society of Echocardiography (20) . Color-flow Doppler imaging assisted in the sample volume placement for aortic flow measured at the site of the coarct.
LV mass (as a corrected cube formula; ref. 21 ) and relative wall thickness (h/r, where h = wall thickness in diastole and r = radius of LV chamber in diastole) were calculated. LV mass = {1.04[(SWT + PWT + LVED) 3 -LVED 3 ] × 0.8} where SWT is septal wall thickness, PWT is posterior wall thickness, and LVED is LV end-diastolic chamber size. Cardiac output was calculated using the parameters of heart rate (HR), time-velocity integral of aortic flow (Ao TVI), and aortic root dimension (Ao Dim). Cardiac output = stroke volume × heart rate; stroke volume = (Ao Dim/2) 2 × π × Ao TVI. In addition, cardiac function, measured as percent fractional shortening, was determined using the parameters of LVED and LV end-systole (LVES). Cardiac function = [(LVED -LVES)/LVED] × 100. A pressure gradient between the proximal and distal sites of the AC was calculated using Bernoulli's equation Doppler-estimated.
In vivo hemodynamic measurements. After echocardiographic assessment, age-and sex-matched noncoarcted (NC) and 10-week AC Fgf2 +/+ and Fgf2 -/-mice were surgically instrumented as described previously (22) , and were subjected to a dobutamine dose-response study. The mice were allowed to stabilize for 30 minutes before initiation of the experiment protocol. All mice underwent a dobutamine dose-response protocol (1-32 ng/g per minute), with each dose infused for 3 minutes followed by washout to baseline hemodynamic levels. After the final dose of dobutamine, 150 µL of propranolol (100 ng/µL) was administered to block endogenous β-adrenergic activity; a test dose of dobutamine (32 ng/g per minute) was administered to verify complete blockade. Average values for HR, mean arterial blood pressure (MAP), systolic blood pressure (SBP), and LV pressure (LVP) were measured directly from the pressure waveforms. Maximum and minimum dP/dt were derived from a differential tracing of left intraventricular pressure. At the end of the experimental protocol, mice were sacrificed; organs including heart, lungs, kidney, and colon were harvested; and the tissue was weighed and normalized to the mouse body weight. (23) , and Gapdh (16) to discriminate between products derived from cDNA and genomic DNA templates.
The cDNA PCR products were blotted onto a 0.2-µm Nytran nylon membrane using the Turboblotter Rapid Downward Transfer System (Schleicher & Schuell, Keene, New Hampshire, USA) and hybridized as described previously (24) . The radiolabeled blots were imaged on a PhosphorImager and quantitated using ImageQuant software (version 3.3; Molecular Dynamics, Sunnyvale, California, USA). The Myhca and Myhcb signals were normalized to Gapdh to correct for differences in loading and/or transfer. The levels of Gapdh were not affected by hypertrophy or the absence of FGF2.
Electrophoretic separation and protein quantitation of α-MHC and β-MHC. Protein was isolated by homogenization of the left ventricles of NC and 10-week AC Fgf2 +/+ and Fgf2 -/-mice. SDS-PAGE and protein quantitation of α-MHC and β-MHC were performed as described previously (25) . Gels were washed, silver-stained, and scanned with a Hoefer GS 300 densitometer to determine the amount of α-MHC and β-MHC, relative to total MHC, in each sample. The sample load was within the linear range of the relationship between amount of sample loaded and densitometric peak area. Three samples were each run on 2 gels. The mean difference in the relative amount of α-MHC or β-MHC in these samples between the 2 gels was 1%.
Histology. Paraformaldehyde-fixed (4%) tissue from NC and 10-week AC Fgf2 +/+ and Fgf2 -/-mice was embedded in paraffin and sectioned serially (5 µm). Hematoxylin/eosin and Masson's trichrome stain were used for histological and pathological examination of hearts.
Myocyte staining. Heart sections from NC and 10-week AC Fgf2 +/+ and Fgf2 -/-mice were deparaffinized, rehydrated, and incubated for 1 hour at room temperature with a fluorescence TRITC-labeled red wheat germ agglutinin (1:4 dilution; Sigma Chemical Co., St. Louis, Missouri, USA). Fluorescence-tagged wheat germ agglutinin binds to saccharides of cellular membranes and connective tissue (26) , and has been used by other investigators for the measurement of cardiomyocyte cross-sectional area (27, 28) . Images of LV cardiomyocyte cell membranes were captured using a fluorescence microscope (Axiophot 2; Carl Zeiss Inc., Jena, Germany) with a digital camera (model C4742-95; Hamamatsu Photonics, Hamamatsu-City, Japan) linked to a Power Macintosh G3 computer (version 1.3; QED Imaging Inc., Pittsburgh, Pennsylvania, USA) Myocyte cross-sectional area was measured using the NIH Scion Image (version 1.6; National Institutes of Health, Bethesda, Maryland, USA).
Statistical analysis of data. All values are expressed as mean ± SEM. Myocyte cross-sectional area, tissue weights, quantitative RT-PCR of cardiac genes, and protein levels were compared by Student's t test. Differences between groups in echocardiographic and LVED, left ventricular end-diastole (mm). LVES, left ventricular end-systole (mm). SWT, septal wall thickness at end-diastole (mm). PWT, posterior wall thickness at enddiastole (mm). Gradient, pressure gradient in mmHg calculated from ascending and descending aortic flow velocities. HR, heart rate (beats/min). SV, stroke volume (mL). CO, cardiac output (mL/min). All values are represented as mean ± SEM. A P < 0.05 vs. prebanded counterpart. B P < 0.05 vs. AC Fgf2 +/+ for same week.
dobutamine hemodynamic measurements at various time points were compared using 2-way ANOVA for time and treatment with repeated measures, and Fisher's least significant difference test. Statistical differences were considered significant at P < 0.05. Figure 2 , a-c depict the calculated LV mass, relative wall thickness (h/r), and percent fractional shortening (%FS), respectively, as measured using noninvasive echocardiographic imaging. Both Fgf2 +/+ and Fgf2 -/-mice had a significant increase in calculated LV mass by 8, 9, and 10 weeks after AC compared with their prebanded LV mass (P < 0.05; Figure 2a) . Interestingly, the 10-week AC Fgf2 -/-mice had a statistically lesser increase in LV mass (24%) compared with AC Fgf2 +/+ mice (46%) (P < 0.05; Figure 2a) . The relative wall thickness indicates that both AC Fgf2 +/+ and Fgf2 -/-mice underwent an eccentric hypertrophic response during pressure overload (Figure 2b) . By 10 weeks after AC, Fgf2 +/+ and Fgf2 -/-mice were still in a compensated phase of hypertrophy, as %FS, a measure of cardiac function, was not significantly different from prebanded values (Figure 2c) .
Results

Echocardiography
Ten-week AC heart/body weight ratios (Figure 3 ) indicate that both Fgf2 +/+ and Fgf2 -/-mice had a higher heart/body weight ratio than their age-and sexmatched NC cohorts. Consistent with LV mass values obtained by echocardiography, the AC Fgf2 -/-mice had significantly less increase in heart/body weight ratio (16%) than did the AC Fgf2 +/+ mice (52%) at 10 weeks. There was no change in kidney or lung weight in the AC versus NC mice, indicating that 10-week AC did not elicit pulmonary edema, a sign of heart failure.
Hypertrophic growth and fibrosis in AC Fgf2 +/+ mice. Morphological changes of the LV cardiomyocytes from NC and 10-week AC Fgf2 +/+ and Fgf2 -/-mice were analyzed by measuring cross-sectional area. Ten-week AC Fgf2 -/-mice showed no significant increase in myocyte crosssectional area, whereas 10-week AC Fgf2 +/+ mice showed a substantial (>50%) increase (P < 0.05; Figure 4b ). This result is consistent with data from echocardiography and gravimetry, and conclusively demonstrates an in vivo role of FGF2 in the growth response of the heart during hemodynamic load. Figure 4a depicts a representative image of NC and 10-week AC Fgf2 +/+ and Fgf2 -/-cardiomyocytes. Histologically, 10-week AC Fgf2 +/+ had moderate hypertrophy of LV myocytes, nuclear gigantism, and moderate to severe multifocal and perivascular fibrosis. However, only mild perivascular fibrosis, with no significant hypertrophy of cardiomyocytes, was observed in 10-week AC Fgf2 -/-mice. The residual hypertrophy that is seen in AC Fgf2 -/-hearts may be due to myocyte elongation or mild perivascular fibrosis.
To confirm that changes in LV mass were caused by a
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Figure 1
Echocardiogram of a Fgf2 +/+ mouse 10 weeks after AC. Two-dimensional image depicting the ascending aorta (ASC), the coarctation site (arrow), and the descending aorta (DESC). Image was captured with an 8.5-MHz transducer. Banding of the aorta was produced by tying a 7-0 silk suture around a 27-gauge needle. The AC occurred at the aortic arch between the left common carotid artery and brachiocephalic trunk.
hypertrophic response, age-matched NC and 10-week AC Fgf2 +/+ and Fgf2 -/-mice were injected with BrdU (120 µg/g), a thymidine analogue taken up by proliferating cells. Mice were sacrificed 24 hours later, and heart and colon (positive control) were fixed in 4% paraformaldehyde and embedded in paraffin. Immunohistochemical detection of BrdU was performed as described previously by our laboratory (29) . No BrdU incorporation was detected in LV cardiomyocytes and nonmyocytes from NC or AC mice (data not shown), indicating that the significant increase in Fgf2 +/+ heart mass and slight increase in Fgf2 -/-heart weight after 10 weeks of AC resulted from a hypertrophic, not a hyperplastic, response. Proliferating colonic epithelium taken from the same mice showed high levels of BrdU incorporation (data not shown).
Only hypertrophic Fgf2 +/+ mice have depressed rate of contractility during dobutamine stimulation. Hemodynamic parameters of HR, LVP, SBP, and maximum (+) and minimum (-) dP/dt obtained for 10-week AC and ageand sex-matched NC Fgf2 +/+ and Fgf2 -/-mice are shown in Table 2 . Measurements of LVP, SBP, and +dP/dt are plotted in Figure 5 for NC and 10-week AC Fgf2 +/+ and Fgf2 -/-mice. HR and -dP/dt measured at baseline and during dobutamine stimulation are similar for NC and 10-week AC Fgf2 +/+ and Fgf2 -/-mice, with the exception of the 10-week AC Fgf2 +/+ mice showing a significantly higher HR at baseline. Both 10-week AC Fgf2 +/+ and Fgf2 -/-mice had a substantial increase in LVP at baseline and during dobutamine stimulation compared with their NC cohorts (P < 0.05). SBP in 10-week AC Fgf2 +/+ mice was decreased at baseline and during β-adrenergic stimulation (P < 0.05). There was no significant difference in SBP in NC and AC Fgf2 -/-mice at any measured point ( Figure 5b) ; however, the pressure gradient of 10-week AC Fgf2 -/-mice was similar to that measured in the 10-week AC Fgf2 +/+ mice ( Table 2 ). There was a significant decrease in SBP of NC Fgf2 -/-mice compared with NC Fgf2 +/+ mice during the higher doses of dobutamine, as demonstrated previously (16) . The rate of contraction (+dP/dt) was significantly depressed in 10-week AC Fgf2 +/+ mice with increasing β-adrenergic activation, compared with NC mice (P < 0.05). There was no difference in responsiveness to dobutamine in the 10-week AC Fgf2 -/-mice compared with NC mice.
FGF2 is not responsible for the upregulation of fetal cardiac MHC during pressure overload. Using quantitative RT-PCR, we examined the profile of α-MHC and β-MHC genes (Myhca and Myhcb, respectively) in the left ventricle of NC and 10-week AC Fgf2 +/+ and AC Fgf2 -/-mice. Figure 6a depicts the mRNA levels of Myhca, the adult contractile isoform, and Myhcb, the fetal contractile isoform. Figure 6b shows the protein levels of the adult (α-MHC) and fetal (β-MHC) isoform of MHC in age-and sex-matched NC and 10-week AC Fgf2 +/+ and Fgf2 -/-mice. Surprisingly, relative to NC Fgf2 +/+ mice, NC Fgf2 -/-mice had exceptionally high levels of both Myhca and Myhcb mRNA, suggesting that FGF2 functions to reduce potently message levels of both cardiac myosin genes. As expected, 10-week AC Fgf2 +/+ mice had a slight, but not significant, decrease in mRNA levels of 
Figure 3
Tissue weights (a) and tissue/body weight ratios (b) for NC and 10-week AC Fgf2 +/+ and Fgf2 -/-mice showed increases in heart weight for AC mice compared with NC mice; however, AC Fgf2 -/-mice had a significantly lesser increase in heart weight compared with AC Fgf2 +/+ mice. All values are expressed as mean ± SEM. *P < 0.01 vs. NC. # P < 0.01 vs. AC Fgf2 +/+ . n = 6 for NC and AC Fgf2 +/+ and Fgf2 -/-. NC, no aortic coarctation. AC, 10 weeks after aortic coarctation. HR, heart rate (beats/min). LVP, left intraventricular systolic pressure (mmHg). SBP, femoral systolic blood pressure (mmHg). Gradient, pressure gradient in mmHg between LVP and SBP values. +dP/dt, rate of contraction (mmHg/s). -dP/dt, rate of relaxation (mmHg/s). All hemodynamic parameters are represented as mean ± SEM. A P < 0.05 vs. NC counterpart. B P < 0.05 vs. Fgf2 +/+ NC. C P < 0.05 vs. AC Fgf2 +/+ .
decrease in α-MHC (85%) and a significant elevation of β-MHC (15%) in AC Fgf2 +/+ and Fgf2 -/-mice (P < 0.05).
As with Myhca and Myhcb expression, changes in the protein isoforms of MHC are independent of FGF2.
Discussion
To our knowledge, the present study is the first to demonstrate the involvement of FGF2 in the growth response of cardiac hypertrophy at the in vivo physiological level. Echocardiographic measurements, gravimetry, and cardiomyocyte cross-sectional area reveal that an absence of FGF2 results in a statistically lesser degree of hypertrophy during pressure overload (Figures 2a, 3, and 4 ). Owing to their noninvasive technique and the ability to evaluate cardiac disease and function in a serial fashion, M-mode and pulsedwave Doppler echocardiography are excellent methods for measuring LV mass, LV function, and aortic blood flow velocities (30) (31) (32) (33) . We have used this noninvasive application to assess the weekly progression of cardiac hypertrophy after transverse AC of Fgf2 +/+ and Fgf2 -/-mice. Our present data support previous findings on the validity of echocardiographic measurements of LV mass and function with other technical applications. This is also the first investigation to show that the echocardiographic measurements of pressure gradient after AC are comparable to the gradients obtained from catheterizations of the LV and femoral artery (Tables 1 and 2 ). The echocardiographic images from AC Fgf2 +/+ and Fgf2 -/-mice revealed an eccentric form of cardiac hypertrophy (Figure 2b ). Eccentric LV hypertrophy has been well documented to occur with a volume overload, whereas concentric LV hypertrophy results from a pressure overload situation, such as hypertension (1, 2) . However, recent human and rodent studies have demonstrated that concentric LV hypertrophy and high blood pressure do not necessarily correlate, and, in fact, have indicated that eccentric LV hypertrophy characterizes the early phase of cardiac adaptation to pressure overload (34) (35) (36) . Therefore, the eccentric pattern of LV hypertrophy that we observed may also represent the early phase of adaptation to high blood pressure. If these echocardiographic measurements were continued and Fgf2 -/-mice were only analyzed for 10 weeks after AC, because our preliminary echocardiographic data showed that LV function begins to decrease beyond 12 weeks after AC in this mouse model. We did not want to confuse potential roles of FGF2 in the development of hypertrophy with heart failure. The %FS data ( Figure  2c ) demonstrate that AC Fgf2 +/+ and Fgf2 -/-mice are in a compensated stage of cardiac hypertrophy, because cardiac function was not significantly different throughout the time course of hemodynamic load.
FGF2 does not have the signal peptide sequence for its release from cells (37) . Therefore, the mechanism(s) that initiates the release of growth factors remains unclear. The current view is that FGF is synthesized and stored in cardiac myocytes and nonmyocytes, and released in response to a hemodynamic stress (7, (38) (39) (40) . Its release would result in an autocrine or paracrine effect mediated via FGF receptor signaling to regulate gene transcription of the contractile machinery and the hypertrophic growth response (7, 39, 40 (55) , have been localized to the heart either during development or in the adult. Despite the many FGFs found in the heart, in the present study, the absence of the Fgf2 gene resulted in a marked reduction of hypertrophy, suggesting that FGF2 has a major role in the growth response to hemodynamic load. It is not surprising that the cardiac hypertrophy was not completely abrogated during hemodynamic stress, as other molecules (e.g., FGF1, TGF-β 1 , angiotensin II, catecholamines) have also been implicated in mediating this response (8, 40) . However, Harada et al. (56) recently demonstrated a lack of involvement of the reninangiotensin system in a mouse model of pressure overload. This group showed that abdominal AC wild-type and AT 1A receptor-deficient mice achieved the same degree of cardiac hypertrophy, ventricular remodeling, and reexpressed fetal cardiac genes.
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The Journal of Clinical Investigation | September 1999 | Volume 104 | Number 6 A number of reexpressed fetal cardiac genes, including Myhcb, have been considered as markers for cardiac hypertrophy (3, 11, (57) (58) (59) . Recent work has demonstrated that different hypertrophic stimuli elicit unique cardiac gene profiles (60) (61) (62) . Furthermore, a number of studies have shown that cardiac hypertrophy does not always correlate with the expression pattern of fetal cardiac genes and other hypertrophic indicators (14, 60, 61, 63) . In the present study, the changes in expression and protein levels of the cardiac MHC genes in response to pressure overload differed in an FGF2-independent manner ( Figure 6 ). The AC Fgf2 +/+ mice demonstrate the typical and extensively documented cardiac gene profile of increased Myhcb and mildly to greatly decreased Myhca. In the absence of FGF2, NC mice have a significant level of Myhca and Myhcb expression, suggesting that this growth factor may have an inhibitory role on cardiac myosin gene expression in the heart under normal conditions. Because the rates at which posttranscriptional regulation converts myosin mRNAs to protein are about the same, regardless of the levels of FGF2 or the degree of pressure overload or hypertrophy, the isoform switch appears to be primarily a function of mRNA expression, not one of an alteration in levels of posttranscriptional regulation. Our data show that FGF2 is a potent inducer of cardiac hypertrophy but that it has no significant effect on isoform switching. Only pressure overload correlates with isoform switching, as it occurs equally as much when there is much less hypertrophy and in the complete absence of FGF2. Also, consistent with the work by Dorn et al. (64) , the degree to which the fetal isoform (β-MHC) increased (15%) in the cardiomyofibril during pressure overload in Fgf2 +/+ and Fgf2 -/-mice is not enough to decrease cardiac function (%FS), as assessed by echocardiography (Figure 2c) . The depressed rate of contraction (+dP/dt) to β-adrenergic stimulation in AC Fgf2 +/+ mice may be an effect of the degree of hypertrophy, as these mice have a 41-52% increase in mass compared with AC Fgf2 -/-mice. However, the rate of relaxation (-dP/dt) was similar between the AC and NC mice.
Over the last 10 years, considerable evidence has accumulated demonstrating a correlative relationship between increased levels of FGF2, cardiac hypertrophy, and reversion of muscle structural mRNA to the fetal isoforms. The results presented here definitively demonstrate that FGF2 is a major stimulatory component of the growth aspects of cardiac hypertrophy, and that hemodynamic stress, rather than FGF2 and hypertrophy, correlates with isoform switching. Finally, although both transcriptional and posttranscriptional controls determine the ratios of myosin isoforms in the cardiomyofibril, the isoform switching that occurs under hemodynamic stress results from alterations in transcriptional, not posttranscriptional, regulation. 
